Orthodontic intervention enhances not only esthetics and psychosocial health, but also improves the function of the human dentition. Many insurance programs now offer orthodontic coverage; however, proper adherence and good oral hygiene habits are poor among those Appalachian individuals undergoing orthodontic care. This research study was conducted to determine the contributing factors in poor orthodontic compliance in Appalachia. Investigators completed a retrospective chart review, assessing inactive orthodontic patients from 2007-2012 at a private practice in North Central West Virginia. The general dentist at this rural office practices both general dentistry, as well as, orthodontics. Information regarding demographics, form of payment, and distance traveled was collected. Data analysis using these variables was conducted. Statistical analysis included, but was not limited to a Chi Square Fisher's Exact Test, One-way ANOVA, and logistic regression. The results of this study demonstrate that there is significant difference in completion rates based on payment type among Northern Appalachian orthodontic patients. The results also demonstrate that treatment length and oral hygiene ratings are associated with completion rate. The findings validate that psychoeducational interventions may be needed to address these disparities in orthodontic patients of Appalachia. By encouraging oral heath values and requiring appointment adherence, an expected outcome will be the improvement of orthodontic completion rates in Appalachia.
Introduction
Utilization of oral health care services in West Virginia is extremely poor, as demonstrated by the fact that in 2006 the state had the greatest proportion of edentate people of any state of jurisdiction in the nation, and it was one of the states with the fewest annual oral health care visits. 5 Cultural views on malocclusion and other psychosocial factors are known to influence the demand for orthodontic treatment. 16 Certainly, social norms in West Virginia and other areas of Appalachia contribute to oral health values, perhaps based in part on less recognition of the importance of maintaining the natural dentition and a lower desire to change the occlusal status of one's anterior (and other) teeth. 20 Medicaid and the Children's Health Insurance Program (CHIP) are major sources of free dental coverage, reaching millions of low-income children, but inadequate access to oral health care among these children remains a critical health policy challenge. 24 The programs provide quality health insurance to eligible children and strive to develop a health care system in which all West Virginia children can access health care coverage.
The service benefits include orthodontic treatment coverage in adolescents meeting the specific criteria developed by Medicaid and CHIP.
Conclusions have been made that poor dental treatment is related to the low number of dentists participating in these programs. Many dentists that do participate often limit the number of Medicaid and CHIP patients they accept. 26 However, minute concentration has been made on the association of poor orthodontic outcomes in adolescents utilizing these free dental programs. Moreover, little conclusions have been made regarding poor orthodontic completion rates, as well as, poor oral hygiene compliance among the Appalachia population.
Purpose of the Study
The purpose of this retrospective study is to improve our understanding of the barriers to successful orthodontic outcomes in patients of Appalachia. Understanding the reasons for poor oral hygiene compliance, appointment adherence, and parental agreement is critical for clinicians and researchers. To better understand the factors and implications of poor orthodontic outcomes, the specific aims of the project are:
Aim 1: To examine the relationship between dental priority of patient and parents and orthodontic completion rates among the Appalachian population. Using inactive orthodontic patients, our working hypothesis is that lack of dental priority is positively correlated with low completion rates. By abstracting the reason for early-ending treatment, it is anticipated to correlate parental and patient priority to completion rates in the Appalachian population.
Aim 2: To determine the impact of oral hygiene compliance on completion rates of orthodontic patients in Appalachia.
Aim 3: To find the correlation between the variables of demographic information, payment type, length of travel, and treatment length with poor orthodontic outcomes.
Statement of the Problem
Poor patient compliance has major implications in the results of orthodontic treatment and oral health. With non-compliance in oral hygiene and missing much needed appointments often results in the occurrence of hyperplastic gingivitis, enamel decalcification and white spots, periodontal breakdown, and carious lesions. 11 Continual non-compliance issues may jeopardize the success of orthodontic treatment. This study will be conducted to identify the level of compliance of Appalachia patients who underwent orthodontic treatment at a private dental office in rural, North Central West Virginia.
Significance of the Study
The long-term objective of this project is to improve our understanding of the factors affecting orthodontic compliance in the patients of Appalachia. Abstracting demographic, psychosocial, behavioral, and clinical information will be completed to accomplish this goal. Ultimately, the project will generate the differences between compliant and non-compliant patients and discuss improvements that can be made to increase the completion rate in orthodontic patients.
Hypotheses
1. There is significant difference in completion rate among the three payment groups;
private insurance, self-pay, and government funded Medicaid/CHIP.
2. There is significant difference in completion rate and oral hygiene ratings.
3. There is correlation between completion rate and length of orthodontic treatment.
4. Completion rate and distance traveled are inversely related. o Separator Placement -Process in which elastic rubber bands are placed between teeth to create space for band placement. Commonly known as "spacers".
Definition of Terms

Review of Literature
Facial aesthetics have been suggested as one of the most important variables in terms of an individual's own self-esteem and social acceptance. As facial appearance changes from childhood to adulthood, it has a great impact on an individual's psychology. 17 Patient compliance is not only limited to appliance wear, but it also includes the daily tasks of oral hygiene procedures, proper caring for orthodontic appliances and keeping routine scheduled appointments on time. It is essential to have a very good patient cooperation in order to reach esthetic goals and to ensure that the patient gets a pleasing result at the end. A patient's non-compliance can result in a longer treatment time, destruction of the teeth and periodontium, extraction of additional teeth, collapse of a corrected malocclusion after treatment, frustration for the patient and additional stress for the orthodontist and staff. 4 It is estimated that five to ten percent of orthodontic patients do not complete treatment due to poor oral hygiene. 11 Moreover; compliance rates of long-term treatments have been reported to be as low as fifty percent. 26 To prevent adverse effects due to noncompliance, many studies have identified multiple demographic, psychosocial, psychological, and behavioral factors to predict compliance. 13 Factors reported as associated with compliance include patient characteristics (e.g., mental and physical disabilities, beliefs and attitudes, history of noncompliance, parental influence); treatment complexity and duration; the relationship between the patient and provider; and educational and behavioral interventions used. 10 Orthodontic treatment experience during the initial visit has also been considered a predictor for future compliance. 13 The primary causes for poor cooperation have been attributed to pain, functional, and aesthetic impairment caused by the appliances. This has even resulted in a discontinuation of treatment or its early termination. The literature suggests that the patients' initial attitude towards orthodontics should be understood during the diagnostic phase itself and should be discussed with the patients in all its reality. 21 The psychosocial variable intervening between need versus demand for treatment is an affective domain, which includes the emotions regarding whether or not the individual wishes to seek orthodontic treatment. Dissatisfaction with one's dentofacial appearance, recommendations from a dentist, concern on the part of parents and the influence of schoolmates who wear braces are among the main factors directly involved in the demand for orthodontic treatment. 3 Gender, age, intellectual level, social class, severity of the malocclusion, dental care and self-perception of facial aesthetics have also be found to be associated to the desire for orthodontic treatment. Patients who seek orthodontic treatment are undoubtedly concerned with improving their appearance and social acceptance. Thus, enhancing these aspects may be important to public healthcare. 14 Beliefs reflect the influence of age, gender, ethno-cultural and socioeconomic variables determining personal values in changing the facial morphology. 18 Results of a study in Australia found that gender had an effect on orthodontic outcome. Correction seemed to be considered more important by females rather than by males. 9 Attitude toward oral health and its relation to adherence to oral health preventative behavior is major variable. According to social-learning theory, patients with internal loci of control, who believe that their oral health depends on their own efforts, report increased oral health behaviors. Preventative oral health behaviors includes adherence to professional instructions and practicing self-help procedures. 25 In addition, it was found that more positive the attitude of the parents towards braces, the greater the compliance of the child. What is considered attractive or preferred obviously differs among dental health professionals and lay persons. 17 In addition; the treatment process itself can also be the source of disruptive and unnecessary agitation. As orthodontic treatment may be uncomfortable, inconvenient, or costly, patients with low health literacy may not fully comprehend the biological reason for orthodontic treatment.
Patient oral hygiene is recognized as an important determinant of orthodontic treatment time and quality of the orthodontic result. It is established that poor patient oral hygiene affects orthodontic treatment outcomes, impacts quality of orthodontic treatment, and prolongs treatment time. It has been stated that each "poor oral hygiene" entry into a patient chart relates to a 0.67 month increase in treatment time. 2 Reports have shown that 3 or more patient entries for "poor oral hygiene" increase treatment time by 1.2 to 2.2 months. 22 Other consequences of poor oral hygiene during orthodontic treatment affect the quality of the end result of treatment. Orthodontic treatment with fixed appliances leads to an increased risk of enamel demineralization that is exacerbated in patients with poor oral hygiene. Implementation of a quality oral hygiene control system is beneficial to all orthodontic stakeholders, including, patient, parent, family dentist, and orthodontist.
In addition, the use of a "visual analogue" scale for hygiene is a novel approach that has received evidence-bolstered support in application to assessment of other aspects of quality of orthodontic results. 35 Unlike most other medical or dental care, orthodontic treatment requires that patients return for regular follow-up appointments over a prolonged period of time, lasting up to 2 years or more. It has been shown that missed appointments decrease the likelihood that orthodontic treatment will be completed successfully. 28 For practitioners, failed appointments disrupt the daily schedule and decrease productivity. 12 Forgetfulness is a common cited excuse given by patients for missing appointments both in general dentistry and in orthodontics. 23 Other reasons for failing to show up for appointments include having other commitments, inability to get time off and lack of transportation. 29 Higher rates of appointment failures were found for pediatric dental and orthodontic patients in the United States covered by Medicaid. Having a history of medical debt may also be a predictor of poor appointment attendance. While all children enrolled in Medicaid and CHIP have coverage for dental services, ensuring access to these services remains a concern. In Medicaid, children's dental benefits are required through the EPSDT benefit. In CHIP, the children's dental benefit became mandatory in 2010 through CHIPRA. The Centers for Medicare and Medicaid Services (CMS) has been working with its Federal and State partners, as well as the dental and medical provider communities The increase in percentage of children receiving a dental service during a period of enrollment growth gives an indication that the dental provider capacity serving children Parental awareness, public and private dental coverage, and availability of dental providers, especially for children receiving Medicaid, are critical factors in children obtaining needed dental care. In addition, there may be no orthodontist in some rural areas. Even though children enrolled in Medicaid are individually entitled under the law to comprehensive preventive and restorative dental services, dental care utilization for this population is low. The reasons for low utilization are many, but a lack of dental providers who participate in Medicaid is a key factor. Few dentists participate in Medicaid -less than half of all active private dentists in some areas. Low reimbursement rates, patient no-shows for appointments, complex forms and burdensome administrative requirements are commonly cited reasons for by dentists not participating in Medicaid. 34 Patient cooperation, or compliance is essential for successful treatment outcomes in orthodontics. The instructions given to patients pertain to oral hygiene, maintenance of appliances to allow them to function properly, the use of elastics or headgear appliance, and punctuality in keeping appointments. When patients do not follow instructions, an increased time commitment may result for the patient, parent, and the orthodontist. 8 In addition, treatment outcome may be compromised, and in some instances premature termination of treatment becomes necessary. Improving patient compliance is a challenging and complex problem. Patient compliance with orthodontic instructions tends to decrease over the period of treatment. 1 The major interest in predicting orthodontic treatment outcome arises from the wide variation in improvement in occlusion achieved. Research indicates a high level of orthodontic failure. This failure involves a huge amount of wasted resources in terms of finance, skills, and time. 13
Methods and Materials
This study utilized a retrospective cohort design, which studied pre-existing data only. Approval was granted from West Virginia University's Institutional Review Board (IRB). All inactive charts for the study were first de-identified. Between 2007 and 2012, there were 278 orthodontic patients at a rural dental office in North Central West Virginia, which were reviewed for this study. This office was a general dentist practicing orthodontics, who was abbreviated as RGP. For each inactive chart, an abstraction form was completed in order to organize all chart entries over the past five years. The form was used to record demographic information, including birth date, age, and gender. Form of payment was assessed, including private insurance, Medicaid, CHIP, and self-pay. If subjects were general patients of RGP, it was notated on the form. Also, previous patients of a deceased orthodontist who then became transfer patients to the dental office were notated. The previous orthodontist was abbreviated as ORTHO. It should be known that several patients were gained after the decease of ORTHO, whose office was within close proximity of the RGP. This situation reflects back to review of lack of providers accepting Medicaid/CHIP patients. The RGP took over the ORTHO practice due to the lack of specialists in the area, as well as, the lack of providers accepting the Medicaid/CHIP patients. The visit number in which they transferred to RGP was notated.
All dates, oral hygiene ratings, and treatments were recorded from orthodontic treatment beginning to treatment end, which included all appointments with ORTHO and RGP.
Occlusion classification and division (if Class II) were notated. Classifications included, Class I, Class II (Divisions I and II), and Class III. The type of appliance was coded by upper bands and brackets only, lower bands and brackets only, full bands and brackets, or an appliance. It should be noted that some patients could have more than one appliance type for this category. For example, some patients may have both an upper expander appliance and also have full bands and brackets. Also, records were occasionally completed more than one time; for example, impressions, photos, and radiographs were sent for approval for an appliance and then completed and sent again for approval of the second phase of treatment including bonding of bands and brackets.
Often, new records were completed after the transfer from ORTHO to RGP. For these cases, to gain approval from some of the insurance companies, submission of new records was required.
Travel distance was recorded in order to determine the length of travel distance for each patient to the rural offices. Each appointment was recorded along with notes of treatment, as well as, oral hygiene ratings at each appointment. The oral hygiene ratings were based on a scale from 1-3; 1 being the best oral hygiene, 2 being fair oral hygiene, and 3 being poor oral hygiene. (see appendix B). Note that a rating of 3, if recorded three times in a row, resulted in a dismissal of treatment due to poor hygiene compliance.
Completion and non-completion were recorded. If the subject did not complete the required treatment, the reason was recorded as those being; poor oral hygiene, transfer, A one-way ANOVA test was conducted when analyzing the association of oral hygiene ratings and completion rates. An oral hygiene mean was produced to show the difference between subjects with complete orthodontic treatment versus those subjects with incomplete orthodontic treatment.
Results
The Chi Square Fisher's Exact Test comparing completion versus incompletion by payment type showed the two-sided probability p-value resulted in 0.0002; these results
show that self-pay was more likely to complete treatment than any of the others. The one way ANOVA test showed significant difference between payment types by age at beginning of treatment; F=4.969, Sig.=0.002. The mean age averages for each group differed; private insurance=11.95, self-pay=13.79, Medicaid=10.84, and CHIP=9.00.
The Chi Square Fisher's Exact Test analyzing the reason for incomplete treatment by payment type resulted in a p-value of 0.8359, which indicates there was no evidence of an association between reason and payment method; although, the Medicaid/CHIP group did give reason 5 (removal of hardware by the patient) more often than the other groups.
The logistic regression on the rates of completion versus incompletion by treatment length (in weeks) resulted in a probability value of <0.0001. The results demonstrate that longer treatment length was associated with increased completion rates.
The Chi Square Fisher's Exact Test analyzing the rates of completion versus incompletion by gender resulted in a probability value of 0.5447. The results show that there was no significant difference between gender and completion rates. more female subjects in this study.
The results of the correlation test show that there was no significant correlation between distance traveled and treatment completion, r(278) = .03, p = .
68. An Analysis of Variance test resulted in a probability value of 0.0450 for completion/incompletion source. The results suggest a significant difference for oral hygiene ratings and completion rates; oral hygiene ratings based on completion status; patients with average oral hygiene ratings of less than or equal to 2 had an increased completion rate.
Discussion
The results of this study supported the hypothesis that there would be a significant difference in completion rate among the three payment groups; private insurance, selfpay, Medicaid/CHIP. The unit of the subjects that ranked the highest for not completing treatment was the government funded, Medicaid/CHIP group. Interestingly, the private insurance group was in close percentage of non-completion with the Medicaid/CHIP group. When reflecting back to the review of government-funded programs providing free dental treatment, it can be correlated to the results of this study. Those subjects who were provided orthodontic coverage at no charge were most likely to fail treatment. In other words, those Medicaid/CHIP subjects who were given opportunity to orthodontic treatments took advantage of the free government funds. Results also demonstrate to the statement that private insurance companies, covering a percentage of orthodontic treatment to these Appalachian subjects, also have low completion rates. Individual insurance companies will pay various amounts for orthodontic treatment, unlike Medicaid and CHIP, which cover the entire treatment; however, those subjects utilizing private insurance were still more likely to fail treatment than the self-paying subjects.
Those subjects who were paying "out-of pocket" dues to the orthodontic provider possibly had more value of the cost in orthodontic treatment and therefore took more initiative to complete treatment. In addition, the results show that there was a significant difference in payment types when evaluating the age at the beginning of treatment. The self-pay patients began at an older age; therefore, it may be possible that those patients were more mature and also valued orthodontic treatment more than any of the other groups who began treatment at a younger age.
The second hypothesis that there would be a significant difference among the three payment groups and the reasons for incompletion was not greatly supported, however, research confirmed that the reason, removal of braces and/or appliance, was the highest for Medicaid and CHIP group. Researchers often question the reasons for failure rates among orthodontic patients; this result in the study elicits that there is a major issue in compliance among Appalachian patients undergoing orthodontic treatment.
An additional result confirmed that the non-completion reason notated as "requested by the parent" was highest in percentage of all groups with the exception of self-paying patients when studying the reasons for failing treatment. The self-pay group's was highest in percentage for "no response." The term "no response" meant that numerous attempts were made to contact the patient/parent with no response in return; resulting in no communication or further appointments made. This confirms that Appalachia parents are also in need for an outreach. As stated in a JADA article, Oral
Health Disparities in Appalachia, it was hypothesized that there would be less use of orthodontic services in a West Virginia sample and similar need, but lower demand, for these services compared with levels in other studies and populations. 19 The results of this previous study indicated that there may generational effects in that the trend to receive orthodontic care was higher in adolescents than in their parents and that treatment need among Appalachian adolescents was not greater than, but similar to, that found nationally. 19, 20 It was concluded that the level of treatment demand still was significantly lower than published norms, which may be related to oral health values. 19 This lower demand may translate into less pursuit of oral health care services to improve occlusion later in life, which may be associated with poorer functionality and with lower oral health quality of life. 19 This may be the case with this current study as well, for the parents are the reasons for the child to not complete the necessary orthodontic treatment, which means ending treatment early before the correct occlusion is reached. With these results and the results of Oral Health Disparities in Appalachia, it signifies that many parents do not find orthodontic care a high priority. This disparity in Appalachia could be intergenerational and have an effect on those subjects who removed the braces and/or appliance. Orthodontic care is not of importance to the parents, then it becomes a low priority to the children; therefore, they fail to complete treatment by removing the unwanted hardware themselves.
The results of this study supported the hypothesis that there would be correlation between completion rate and length of orthodontic treatment. The results confirmed that the longer the subjects were in treatment, the more likely they were to complete the full orthodontic treatment. It should be notated that individual variation is the reality of orthodontic treatment time. The more simple, limited orthodontic cases can often be completed in 8 to 12 months, where as the more severe, complex cases can often be treated in approximately 36 months.
The results did not support the hypothesis that completion rate and distance traveled would be related; there was no significant correlation between distance traveled and treatment completion.
Furthermore, gender was found to have no significant difference in completion rates; therefore, it may be stated that females and males of Appalachia have no difference in probability completing orthodontic treatment.
Lastly, the results supported the hypothesis that a significant difference would be found involving oral hygiene ratings and completion rates. Results illustrated patients that had better oral hygiene, receiving rating values of less than or equal to 21 had a higher expectancy to complete orthodontic treatment.
Limitations & Recommendations
One limitation of this project could be the homogeneity of the sample. The inclusion criteria for participation were limited to patients of one orthodontic office in rural, North Central West Virginia. This could lead to concerns about the generalization of the results to additional areas in Appalachia.
An additional limiting factor when comparing the reasons for non-completion was the category notated as "no response." For this group, contact was attempted after multiple broken or cancelled appointments. Therefore, it was unknown if those subjects completed treatment at another office. Those patients who transferred from ORTHO to RGP may have also extended treatment length due to the time lapse between transfer.
For a future suggestion, researchers may find significance in analyzing the types of appliances compared to completion rates. It would be valuable to find differences in compliance and completion rates by appliance type. It would also be beneficial to study the association of occlusion classification and treatment length and extraction versus nonextraction. The association could then be evaluated with orthodontic compliance and completion rates.
A further suggestion for future research would be to analyze the number of broken and cancelled appointments. By depicting this data, researchers would be able to recognize the effects of appointment compliance during orthodontic treatment with completion rates.
A final note to add is the research end date, May 31, 2012. Patients ending treatment (becoming inactive) were not recorded due to completion of research.
Conclusions
In agreement with the previous research completed in Appalachia, culturally sensitive psychoeducational and psychosocial interventions may be needed to inculcate positive oral values that can help address these orthodontic disparities. 19 In order to instill the value of orthodontic treatment, including the benefits on reaching an ideal occlusion, these interventions must be addressed to both the parents and the children undergoing orthodontic treatment at the beginning of treatment, and continue throughout their time in orthodontic care. Dental professionals may need to educate more on the purpose of orthodontics to the patient and the parent, for they may have a different view on an "ideal" occlusion. Appalachian families may not fully understand the necessity of changing one's occlusal status for not only esthetic, but for functional reasons.
Those individuals utilizing free dental programs such as Medicaid and CHIP may need more education on the services that are provided to them free of charge.
Interventions may be advantageous at local DHHR facilities, as well as, the orthodontic offices providing services. Values on compliance may be internalized if both the patient and parent(s) were informed about these free programs in comparison with actual cost of treatment if they were to pay for it themselves. A contract in place between provider and patient is essential. If the government programs could also formulate a contract of service with compliance and requirements set by the orthodontic provider, the completion rates may increase significantly. Providing free services often results in coverage abuse; hence, modifications must be made to improve the completion rates among orthodontic patients undergoing treatment in Appalachia.
Oral hygiene ratings proved an influence on completion rates among the Appalachian orthodontic patients. Those patients who earn better oral hygiene ratings, 1 or 2, have a higher expectation to complete treatment compared to those patients who earn poorer oral hygiene ratings, 2 or 3. These results shows similarity with previous research, patient oral hygiene among the Northern Appalachian patients is an important determinant of orthodontic completion results; poor patient oral hygiene affects orthodontic treatment outcomes. 22 A rating scale system is a good assessment tool in determining the patient's home-care, while also indicating the condition of the teeth and surrounding tissues during orthodontic treatment. Parental and patient involvement with proper oral hygiene practices is essential to satisfactory orthodontic outcomes. Warning: 20% of cells have expected count less than 5, ChiSquare suspect.
Fisher's Exact Test: Table Probability
(P) Two-sided Prob ≤ P 3.769e-5 0.8359 Note: The p-value immediately above (0.8359) indicates that there is no evidence of an association between reason and payment method even though the Medicaid/CHIP group does seem to give reason # 5 (removed by patient) more often than the other groups. There is approximately 3% more likelihood that females will complete treatment more so than males. 
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